Context: Physicians and clinicians need portable, efficient, and cost-effective assessment tools to determine the effectiveness of rehabilitation programs after knee injury. Progress in rehabilitation should be evaluated using valid and reliable measurement methods. Objective: To examine the test-retest reliability of portable fixed dynamometry (PFD), handheld dynamometry (HHD), and isokinetic dynamometry (IKD). In addition, the authors sought to examine the validity of PFD and HHD by comparing differences in peak torque of the knee flexors and extensors to that of the "gold standard" IKD. Design: Repeated measures. Participants: 16 healthy subjects (age 29.3 ± 7.2 y, height 167.4 ± 8.04 cm, mass 73.7 ± 20.0 kg). Main Outcome Measures: The dependent variables were peak torque (normalized to body weight) of the knee flexors and extensors; the independent variables were trial (trial 1, trial 2) and instrument (IKD, PFD, and HHD). Results: Test-retest reliability was high for both PFD and IKD. However, fair to poor reliability was found for HHD. There were no differences in peak torque (Nm) between IKD and PFD. However, significant differences in peak torque were observed between IKD and HHD and between PFD and HHD. Conclusions: PFD provides reliable measures of strength and also demonstrates similar output measures as IKD. Its portability, ease of use, and cost provide clinicians an effective means of measuring strength.
The results of strength testing after knee injury provide valuable information to clinicians when determining return to function and readiness to participate in physical activity. Objective measures of muscle function provide documentation of patient improvement and treatment effectiveness. This progress should be evaluated using valid and reliable measurement methods. There are a variety of methods available to clinicians for measuring muscle strength, such as manual muscle testing, handheld dynamometers, isokinetic dynamometers, and, more recently, portable fixed dynamometers.
Isokinetic dynamometers have been shown to be both reliable and valid in assessing muscle strength 1, 2 and are often referred to as the "gold standard" to which all other measures are compared. 3 There are several limitations to isokinetic dynamometry, however. Isokinetic testing is expensive, requires extensive training, lacks portability, and takes up a substantial amount of clinical space. Handheld dynamometry, on the other hand, requires less training, is more cost-efficient, and provides a means of portability for clinicians. However, the reliability and validity of handheld dynamometry continues to show inconsistencies in the literature. In a recent systematic review comparing handheld dynamometry to isokinetic dynamometry, authors determined that these variations result from a lack of consistency with respect to application of handheld dynamometry. 4 A lack of standardization of patient placement, varying positions of the practitioner, and dissimilar rates at which force is applied were reported. 4 This lack of testing standardization can significantly affect the clinical usefulness of handheld dynamometers in assessing muscle strength.
Furthermore, although few differences have been reported between handheld dynamometry and isokinetic dynamometry, significant differences have been identified when assessing knee-extension strength. 2, 3 Martin et al 3 tested the knee extensors in an older population, and results demonstrated that handheld dynamometry underestimated quadriceps strength by an average of 14.5 Nm compared with isokinetic dynamometry. Reinking et al 2 also identified significant differences between handheld dynamometry and isokinetic dynamometry when testing the knee extensors (r = .43-.45).
Portable fixed dynamometers have recently been advocated for use by clinicians as an alternative to both handheld dynamometry and isokinetic dynamometry. Portable fixed dynamometry measures muscle strength using a load cell that is fixed on both ends. The load cell interfaces with a laptop that records pounds of force when tension is developed on the load cell. Several studies [5] [6] [7] have reported good to excellent reliability for portable fixed dynamometry when assessing hip and knee strength. While portable fixed dynamometry has demonstrated high reliability, we are unaware of any studies comparing it with handheld dynamometry or isokinetic dynamometry.
Therefore, the purposes of this study were to examine the test-retest reliability of portable fixed dynamometry, handheld dynamometry, and isokinetic dynamometry. In addition, we sought to examine the validity of portable fixed dynamometry and handheld dynamometry by comparing differences in their measures of peak torque of the knee flexors and extensors to that of the gold-standard isokinetic dynamometer.
Methods
This study used a repeated-measures design. A convenience sample of 16 subjects (age 29.3 ± 7.2 y, height 167.4 ± 8.04 cm, mass 73.7 ± 20.0 kg) participated in the study. Exclusion criteria included history of injury to the lower extremity during the previous 6 months, anterior cruciate ligament injury within the previous 2 years, diagnosed patellofemoral pain syndrome, or a neurologic disorder. The dependent variables for this study were peak torque (normalized to body weight) of the knee flexors and knee extensors; the independent variables were trial (trial 1, trial 2) and instrument (isokinetic dynamometer, portable fixed dynamometer, and handheld dynamometer).
Data were collected using the Cybex II isokinetic dynamometer (CSMi, Stoughton, MA), the BTE Evaluator portable fixed dynamometer (BTE Technologies, Hanover, MD), and the Lafayette handheld dynamometer (Lafayette Instrument Co, Lafayette, IN). The BTE Evaluator load cell was calibrated daily to ensure reliability across sessions, and the Cybex II dynamometer was calibrated prior to testing the first participant as recommended by the manufacturer.
Procedures
All testing was performed in the musculoskeletal lab at the University of Kentucky. Each subject read and signed an informed-consent form approved by the university's institutional review board. Data including height, weight, and lower leg length (measured from lateral joint line of the knee to lateral malleolus) were measured and recorded for each participant. Prior to testing, all participants were given an opportunity to warm up on a bicycle ergometer. The dominant leg was tested on the isokinetic dynamometer (IKD), portable fixed dynamometer (PFD), and handheld dynamometer (HHD) on the same day in a counterbalanced order. Dominant leg was defined as the preferred leg used to kick a soccer ball. Measurements of knee-flexion and knee-extension strength were tested isometrically at 90° of knee flexion. Joint position was quantified through goniometric measurement.
After instruction, participants were given as many practice trials as needed to familiarize themselves with the equipment. They were asked to sit upright with their arms across their chest throughout all testing procedures. Testing using the IKD was performed with participants positioned in the stabilization chair, while participants were positioned on an examination table during testing with both the PFD and HHD. During assessment with the PFD, one end of the load cell was attached to a stabilization strap fixed to the participant's ankle while the other end was fixed to the examination table. A stabilization strap placed around the participant's ankle and secured to the examination table was used during testing of the HHD (Figure 1 ). Participants were instructed to perform 3 maximal voluntary isometric contractions for 5 seconds on each device, with 10 seconds of rest provided between trials. Each participant was provided 5 minutes of rest between testing devices. Peak torque of 3 trials for each muscle group was recorded. Testing using the same protocol, order, and examiner was repeated approximately 24 hours after the first session. All measures were converted to Newton-meters and normalized to body weight for analysis. Shank length was measured from the lateral joint line of the knee to the lateral malleolus of the ankle for all participants. This measurement was recorded in order to convert force measures recorded on the HHD and PFD to Newton-meters and compare those values to those obtained with the IKD.
Statistical Analysis
Descriptive statistics were calculated for demographic information including age, height, and body mass. Intraclass correlation coefficients (ICC 2,1 ) 8 were calculated to assess test-retest reliability between testing sessions for each device. The strength of reliability coefficients was interpreted based on ranges of poor, <.69; fair, .70-.79; good, .80-.89; and high, .90-1.00. 9 Standard error of measurement was also calculated to provide an estimate of measurement error 8 :
A 2 × 3 (trial vs method) repeated-measures ANOVA was used to compare the 3 methods of assessing peak torque between days. Sphericity was verified and a post hoc analysis using a Bonferroni correction was employed for multiple comparisons between methods (0.05/3 = 0.017). The alpha level was set a priori at P ≤ .05. All measurements were collected by the same investigator (J.L.T.) and analyzed with the Statistical Package for the Social Sciences version 17.0 (SPSS, Chicago, IL).
Results
Test-retest reliability assessed between days for knee extension was high for both the IKD and PFD (.93 and .92, respectively), while fair reliability was demonstrated with the HHD (.76). Good test-retest reliability was also observed between days for knee flexion for the IKD (.89), while high reliability was observed for the PFD (.96). However, poor reliability was observed with the HHD for knee flexion (.49; Table 1 ).
There was no significant trial-by-method interaction. There was a significant main effect for method when testing the knee extensors (P < .001) and the knee flexors (P < .001). Post hoc analysis using a Bonferroni correction for multiple comparisons revealed that the peak torque for the HHD was significantly less in knee extension than with the PFD (P < .001) and the IKD (P < .001). Furthermore, peak torque for the HHD was also significantly less in knee flexion than with the PFD (P < .001) and the IKD (P < .001). There were no significant differences in peak-torque values between the PFD and IKD for either knee flexion (P = 1.00) or knee extension (P = .47; Table 2 ).
Discussion
The results of this study demonstrated that the peak torques recorded for knee flexion and extension are similar between the IKD and PFD, but significant differences were identified between the HHD and the IKD. To our knowledge, this is the first study in which validity has been established for portable fixed dynamometry. While it may be difficult to standardize positioning using portable fixed dynamometry, the requirement that the load cell be fixed at both ends decreases any potential error that could be introduced when the device must be stabilized by an examiner. Considering its portability, lower cost, and lack of reliance on tester strength for stabilization during test- ing, portable fixed dynamometry could be considered a practical standard for muscle-strength assessment. The HHD demonstrated significant differences in peak torque when compared with the IKD, in both knee flexion and knee extension. These results are comparable to those of several studies in which significant differences were identified between HHD and isokinetic testing when testing the knee extensors. It has previously been shown that HHD underestimates quadriceps strength when compared with isokinetic dynamometry. 2, 3 In a recent meta-analysis comparing HHD with isokinetic dynamometry, authors concluded that although the HHD is a reliable and valid instrument for measuring muscle strength, validity and reliability can be compromised when testing large joints such as the hip and knee. 4 The difficulty in comparing studies involving handheld dynamometry includes the variety of types of handheld dynamometers and differences in protocol and positioning. 4 Given the difficulty of stabilizing large joints such as the knee during testing with an HHD, we chose to use a stabilization strap. In addition, other studies have not accounted for body weight in the analysis, so it is difficult to compare our values with those reported elsewhere.
Our reliability measures demonstrated good to high test-retest reliability for both the IKD and PFD. Isokinetic dynamometry has previously been shown to be highly reliable when assessing isometric knee strength, 1,2 and our results were comparable to those of other studies.
Studies assessing isometric knee-extension strength have established reliability of isokinetic dynamometry of .81 to .93. 1, 2 The strength of isokinetic testing is that it allows practitioners to provide stabilization during testing, as well as providing standardized protocols for isometric strength testing. The interrater and intrarater reliability of portable fixed dynamometry in assessing isometric knee and hip strength has previously been established in healthy subjects. 7 Kollock et al 7 reported intrarater reliability values ranging from .70 to .94 in assessment of the hip and knee muscles. Our results demonstrated high test-retest reliability for isometric knee flexion and extension. While our results are similar, our testing protocol was slightly different. Rather than using a stabilization chair, our participants were seated on a treatment table, with one end of the load cell attached to an ankle strap while the other end was attached to the plinth of the treatment table. This setup allows for replication in a clinical setting.
Test-retest reliability values for the HHD indicated poor to fair reliability when testing isometric knee-flexion and -extension strength. Previous studies have demonstrated high reliability for handheld dynamometry in the assessment of isometric hip and knee strength. 1, 2, 10 We do not know why results of our study indicated fair reliability in the assessment of isometric knee strength. As mentioned previously, a limitation of many studies using handheld dynamometry is the lack of standardized There are several limitations of this study. Interrater reliability of the PFD, HHD, and IKD was not assessed during the study. It is unknown whether similar values would be confirmed using clinicians with varying years of experience. Furthermore, our sample population included healthy participants, and testing was conducted on the dominant extremity only. It is unknown whether similar results would be found in a pathological population and whether side-to-side differences exist.
This study indicated that reliability was high for both the IKD and the PFD, while fair to poor reliability was demonstrated with the HHD. In addition, the PFD demonstrated similar measures of peak torque when compared with the gold-standard IKD. This study also identified significant differences in peak torque between the HHD and the IKD when assessing quadriceps and hamstrings strength in healthy subjects. Portable fixed dynamometry is a valid and reliable method of assessing isometric knee strength. Its portability, ease of use, and cost-effectiveness provide clinicians an effective means of measuring knee strength.
